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(54) VOLTAGE GENERATING CIRCUIT USING HELD EFFECT TRANSISTOR AND 
REFERENCE VOLTAGE SOURCE CIRCUIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To realize a voltage 

generating circuit using a field effect transistor that can *&Vfite$ntm*>**®mm&*7(ita 
operate with stability even at a high temperature of 80 
C or higher. 

SOLUTION: Between a VCC and a GND. a depletion 
type MOS transistor M1 having a low-concentration n- 
type polysilicon gate is serially connected with the 
depletion type MOS transistor M2 having a high- 
concentration n-type polysilicon gate. A gate and a 
source of the MOS transistor M2 are connected (a 
constant current connection: VGS 2=0). An n-type 
channel MOS transistor M3 wherein a connection part of 
the MOS transistor M2 of the gate and the source, the 
VCC. and the gate of the MOS transistor M1 are 
connected with the gate, the drain, and the gate 
respectively is arranged. The voltage of the gate of the 
MOS transistor M1 becomes a VPTAT=UTIn(Ng2/Ng1 ). 
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(57) [JBft] 

[SRB ] 8 0T£Lh«>WC fcS^BfW h 

fri/ 7^3 VSM O S h 5 V^'X? M 1 ^rlll^iJtCjSM 

M&E&tttft: VGS2=0) . MOSh5yy^M2 

MOS h^yy'X^M l^y—hizy— h&Zix 

MO Sb5 y^'X^M 1 coy- hcOttJE^VPTAT 
=U T ln(Ng2/Ngl) fS:i>. 
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[IS*«3 ] i»:£Jf 2fE8co«#$&JII h 7 y^X* 

^tzms.^.mmza^x , 

%<owe<on*4 h sis i &i/s&2<7)«#2& 
Mies* i com-swai* fuiesfS 2 co^s&m 

h^y^X^coy-h^fStrrSkfcUc. 1^1 com 
h 5 Vi^'X * t Hffiem 2 coa#£&JH b y s~Sx ? 

hyy-Sx? ^tzMBftSmk. 

mommomKc h y- v sr^nr h & 1 msw, 2 com#s& 

luieas 1 com#2yn h 7 >- ax 9 1 msm 2 <nwft%gk 
hyyisxfov-xztm-tz tt i>iz, mmicom 

coy- bw&nmzftjrtz z t zimt 

VyyUxfim* ^mEB&tEK. 

[ it *js 5 j mxm 2 tmnnjmgk h y y vx 9 zm 

msm^m^m v y y^x^im-^mmmx-^m 
mnmmnm* h y- v w. 1 2 omzm 

&Yyy=JX?Z. O^O. 

mam 1 om^m t- y y vx 9 1 uiern 2 nwft-wk 

hyy^x9<7)^-rtii}^-^m^}MVyy^x9(r> 

y- h - y-x@iff^ 0 Xiv v \,z-$h 1 1 1> t,z. mn 

<r>m&%)%. byyisXfOjr—h-V -xmWKZ till) 

■th^t -&im t i-&nR$)$k vyyvx? s-fflv \t*m 

EE?&£IU&&. 

im#m6 ] m^m stm^mn^m h y yvx? zm 
^tzmi±mi®mz}5\ix . 

md&2<r>W8-m$kVyyy'x-7tf^ y-hbv-xtf 
tmZ tKtzifTV y •> 3 yi<oiigni^y- h- £3r 
irhn m+**JUm?W)%: hyyiSX?X'$>r>. 

mzMi<vmR9j$khyyy-x?t><. mmm2C7>n%-$) 

Hh7 yi/x?<F>v-x\,z yva ytfmmztLte&Wlg. 
n Sco y- h i h n Sf- -v Y=jyVx 
?X'h>9. 

ti*r>. W^Zi[mZ1xrz'%3V>nWy-'r*>vm&%)%:V 



^tMtes 1 co«#s&* h 9 v^'x^coy- h 
lxws 1 com^s&s h y y : ^x ?coy- hn&tti 

laES^*^ I5ffi^ l coS^»* h 7 yi?x?<?>y- 
VW.tiL*&1}t-9-Z>Z b ZW&b^hm'm&hyyiS 

xtzm^tzmsmiim. 
mxmn mimswawmRmkvyyitxtzm 

Mies2co«#s&mh7>'^x^*^ y-hfcy-x*« 

fe*g § tut r r V-/ 2" 3 >-ScO?giiS n sco y- h 5r * 
-TS nlf ^ h yyiSXfX'b 0 . 

tateigicom#ja*h7^v ; x^^\ iofe^2com^ 

nscoy- h *-*-r s nstt ^/wm^&m h 5 y l JX 
?x'ho. to. 

mm izmm § titz& 3 co n s^-v *jt«HNt h?^' 

x ^ fc ^ 1 cogfii k ^ 2 co«tS*^=3r •) , 

3 CO n S^- A- *)VWR%m yyyiSX9bW.\<r>& 

W)ffik&s.zmm. 1 comi^i h y y=jx ?<ny- v 
■km^xwsa 1 com^ti* h 5 yvxfny- vm& 

m-L h V -x y * oTIUS$:* L . 

iwe^ 1 cojgiSkm2co»in;cofm'iicomffiSrai^i:-r 
& £ t ^#sk-r hmmjm h y y-sx? zmwzmE. 

[ 8 ] ft*3l 5 ie»CO«Hl$6* h 9 ^ isX 9 * ffl 

Btne^2co«^&mh7y^*x^3&>\ y-hty-^ 
tmztifzTru -vis 3 ywnm&ignwny- h 
~t& nlf t ^;i-m#$b* h 5 y vx 9 x-h 0 . 
mmitowmskh^-ystxtifi. i>riB^2com^$6 

mnzMMZtuzm 3 co nif ^ h 5 y ^ 

x 9 b & 1 coast b m 2 coajft*^ =Sc 0 . 

1^ 1 coJftfitk^2coj£tn:co^jSfc|!f^ 1 com^^» 

* h y y y-x?cr>y- hwmmztims 1 com-^n h 
5 y~Jx9<?>y- brnm^-th v—xy* orms&s- 

ftjldm 3 co nlf */UM O S h 5 ^ bm 1 C0« 

as* kt-*£fc swat 

[ if im 9 ] if &m 7£tzi±8 §m<?>m.ffito%: vyyv 
xf&m^fzm&mimmz^^x, 
gjjtcoiitco&ffc, ismummz. mzsnomjiiii.if 

MteS 2 coffii5icoffi£ S5S^I|g^^g&*-r S £ b «■» 

t if ^« i o ] if 6 9 co v ^-m*Hci mcomft 
mkhyyi?x?zm^tzmE&£4i®mz}i\xx. ktib 
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is* i *>«iw»* vmmm 2 com#2&m 

b y 9 *Wi\^ns&&.w&KLii\vT: . 
mommcomzh ?- b tt-th'm 1 &tfsrs2com#2& 
ffE^ia^2^s^mh^>'^^<7)H^'f >-« 

m<7>m%&¥m#y- b £&^mL<7)n#mk b 7 y-j 

cosn^m h 7 y : jx ? frhm&ztih nni&mt&mz 
1 3 ] 1 2mmcr>mRmk b 7 yyx^ 

tifzmi-m3<?>mR&}%:h7>i;x?iz£r)ffif8.ittL 
&z\tzmkt^&mR%iMkh7>i;x?$:m^tim£ 

zm^tzgmm&mmz&uz . 

»mmnm<ny- b^ru ymx-y— b t v— 

x nlf+ *Mrm 1 com#2!>* V7> : JX 

«<^nfficoy-h£^nSf-t>*/UOS82cO 

nMcoy— b <0X ynyx^ ^ hST^— bt bU-i y 
Zffl&Ltzp W.+*t***M 1 commfik b 7 yfx 9 
b. <5ffigpSOT--hS:topMf- J r^;U^2<7)l; 

m^^b7v-j^h. mwkfe P Mto y- h ox r x 



iff ess 2 co«#$yn h 7 y ^'x ? (or-'- -5-*. & 

imtm 1 6 1 m$m 1 2 ie«om#^* b^yvx* 
zm^ti&m'gmm&izis^T . 

*^(i^*B?53i8JgoS^S^*7-*- h $■ t OS 1 ~SiS 
4 o«^&* h 7 y=Jx* iz X 0 ffif&ZtiZ z t * #S 

imim 1 7 1 mim 1 6ie«o«^* k 5 >v*x^ 

vW.<r>y- b<r>nmrf-^*)V<r)%i 2 on:^&^ h 7 
im.'i<r>nM*m. b 7 y=jx?a>?- brnftzs-z h v 

as n so h CO n A- ^^>as 3 <0«#5&« h 7 

fi»KnMO7-'-h<0nM^-V^/K7)S4 

o«ifS&* h^yy'x^ $: a^j h 7 y=Jx 9 1 Ltzmm 
Tyyzm&L. 

m?M4 <r>n?m$k b 7y^x^<oy- brnfazmzm 
&&*j!it?hc\tzimt-tz,n&%}%:b7yi'x? 
zm^tzmmi&Em®®. 

mazm 1 s ] mem 1 6ie«om^m b 7 yvx* 
zm^fzmwm&mmzti^x . 
ni»y- hopS^-v^Kom 1 <o«#$»m h 5 
x ^ t % P ffiioy- h ofri/ y 3 ymz-y-h t v 

-X $rfe|g Lfc p S^-r ^/Ucom 2 ctj«^!&S h 5 ^ 

x ^ t Hyocsaw i: fc i> c . 

hoIES 2 <0*#2fc5l h7>^? coy- hm<2£-5-;i S 
y-X7*t7T|El8&£tSt-)\ *>o. 
iV-x 7 * aT®mz J: 0 y- 4>ii.g.iS 
ftg n S«50 y- h- CO n S^- V */K03l 3 comi^m h 7 
y iSX 9 t . n Scoy- h O n Mf - *)VOMA 

<7>W8%% b 7 y VX ? £ h 9 V xX ^ fc L7tH» 

ryrzmmL, 

H0ES4 i0«-»^m h 5 >^'X^ coy- h«firSr«^tt 

sai^ t -r 5 .r fc t b 5 y v x ^ 

tit mm 1 9 j mmm 1 6iB®cos#s&s h 9 yvx? 

nScoy- bCO-fr^ -y ^ 3 yWX'jr— b t V — X§r^ 
SLtnfft *;UO^ 1 co«#J6* h 5 y i^'X ^ fc , 
P S«oy- h CO n S&f- -v ^/l^com 2 com#£&* h 5 y : J 
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m& 2 com#s&m h =7 v=jx 9 <r>y- v mo.***, h v 
mm n soy- h <?> nif ^ */K*>gi 3 comics* 1- 7 

y-bty-^&GNDtflfcUnlf+ */PCD§l 4 
c7>m#^ h7^yX? frEfttcSB L , 

mrtem 3 <»%fflb$k vyyisxtb memi <o«#&3i 

8. 

[ft*«2 0] mil 6E**>ttJW&*h?>'> ? ** 

x?k, pSoy-hoyrwi's^M-ey— hky 

-X 5r (SK Lfc P fif-+ *A^>W 2 h 5 > 5> 

X? fcttHfcSttT* k k t fc, 

InifeSS 1 <7)fMIh7 y~Jx9<r>*f- hmftSr^-iS 

y-x^nTHJS&SrlStt, 

ilMtcSttU 

ffiem 3 ottiw&* bvy^xsb «neas4 ott#2Sjfi 
b ^ y i^*x **>«»£££MEEa}ajs k -r h z t 

s&. 

nl«y- h£7)-fri^ -y >- 3 ^ST-y- h k V-X 
IS nlfi- */PcD?£ 1 OtM h7^^t. 
Pl«y-hi7)nlft ^/KOgS 2 <50€^* h 5 V : J 

x?*wm icmm-tz tthiz. 

mi ess 2 <7)m#2&£i Y^y^x9<^y-Y%m:^th 

y-X7*oT[I18&$:l£(t\ 

KsggpSoy- ho-fri' y 3 ymx-y- bbV- 

X Sr^m Lfc p Sf- -V *rur>m 3 ?)fl#2&fli h 5 V >-'X 
^k, l5Ey-X7^orHim=J:0y-h®E*^x 
6*1* ASMEp M*)y- hOpIf-v *;l/*5*4 <T>Wft 

n m<r>Y- hWpSft*;^ l <7)l^*b5 y^' 
x^k. pfcoy-h^fru-y^a yifT-'-bty 

-XJiSttpIft *jK0* 2 h7^' 



x* 5riS^iJ ^mm-th b b i> tz. 

i <r>m%%£k b 7 v^'x^y- h s 
sy-x^ * j: o y- <>ni,« 

y- h k y -X Ltz n W.+ -v *>l>com 4 <7)m,&%) 

laiem 3 h7y^t ffiam 4 om^* 
b ? visx?<ntm&*mms.&>ii&b~rhz b *m 

[f«*«2 3 J f»£JS 1 2ia«c7)m^m h 7>VX? 

m$miG-thW&mfsi®cod-h. k'*.^*>-*-t^ii 
mTZ*«immm^fzzbzmmb-rhnRmi:h7 
y ^'x ? ^^tzwmsmmk . 

zm^tzwrnsmmza^x . 

fri/ -y is 3 yST-y- V k y-X$rfe$|SL^ nlft 
^;K7)^l(7)tt#S&^h7>'i''x^k, vW-W-Ycr) 

lyA^^yMty-'-hkKH V^«UnI 

h v v i>x9<r> Y- W yw±izx o 7- bmtiLtf^ 
ya^ty-hty-XiGNDfffitLfcnSf^ 

*/ko«4 om^jn h 5 vvxtammwmfiLb , 

Traffic 3 «7) N7yxX^k$4 cOS^* h 5 

|g5<7)mif^h7^^X^k. ffiilSnM^y-hCO 

fyuvya ymx-y- hbv—xiGUDmtibLfz 
nstt 6 <r>mm-w^ y^yvx? emsmm. 

mem 5 h7y^^t itrieig 6 <rm$M%. 

byyiSxfnmWl&ZmmmEliijjAb-f&Zbim 
WLb -th^tm b 5 >-^'x^ 2rfflU7taJp«ESHI 

[«*«2 5 1 ti*3i2 3ie«^m^*b yyitx? 
zm^fzmmE®mz&^x . 

yri^ y ^ 3 >-MT-y- h k y-*£is»Ufc nift 

*JU<7)mi(DW.ft%)$k}~yy-JXfb^ pM^y-htfO 
xw\yx^yhST-y-hk HW^ttllL^nfi 
f-v *;i^>» 2 is J: 3 c7)«-^$6* h^y^'x^I 
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flK&K n Mcoy- h <0xT U -y a yST^— hfc V- 

«*S£ n M<r>y- b <?> n Mi- v *fr<r>W, 6 h 
T-y- hi: V-x£GNDm&£ Lfcnlft^©» 

«re* 6 wm^* h 7 v * t lui em 7 om^^s 
[ mxm 2 6 ] ts*« 1 2 Bttorafeft h 5 yfx 9 

[ ti^ia 2 7 ] it ^Ji 2 6 ism^m-s^n h7^'x^ 

wxv^y^^ y hST*y- h b V—XZtmLfz nl 
f 1 <7)f m b 5 > t , pl^y- 

nit+ */w*>* 2 <rmzm$k bjvisx? <7m.mmwi 

-h^nfft 3 «0«^l* h 7 > iSX 9 t , 

ffii&S nWfn-y— b <T>x.yJ\yx* y hMT-y- h i: y 
-XG N D^ft fc Lfz n S^- A- *;U9SI4 CDSIW»|i b 

=y vvx9<nmmmm.b . 

mess 3 cr>wjm& b?>i?x?kw,4 ^m^sm h 5 

m>ws.nm.cr>y- b<7)nmi-^*fwm5(7)m%-%)%:b 

yyiSxfb. Wmg.nW.cr>7-b<?>^»\>X*Vb 
WX'y-bkV—XZGHD'm&t Lfcngf--v*/K7> 

me<r>mm>m b ? yvxtammmmm*^* 0 . 
byy i?x9<&gm&*&* , wEaiai& ti-zztzn 
us. 

[ ft* JS 2 8 ] i«*JS 1 5 7iS 2 7 cr> \ vf*l>tcE®<7> 

n&$hm b jyisxftm^mmmEmmmzti^ 



[if^S3 0 ] 1M11 co^-rtiMzidMcom 
[fit3Sl3 1 ] iS*«3 0i£®^«S5S*h5V^^ 

[a*«3 2 ] if*5i 1M11 o^-rtifrizifficom 
m?m3 3 j mmi3 2mm<r>wftWkb7>vx? 

0.01 < X < 0.5 

[if*3S3 4 ] 1 2JbS2 8cOV^-Tix*HCiemc7) 

n.%-mk b v vi/x? *m\vzwm£mmmz&\\ 
iw*jS3 5 ] mxm 1 2^2 8cov^-fix*Hcie®<?) 

[««JI3 6 ] i**«3 5Wmr>WfM&b=7>Vx9 
MfE^fefi^'J ^ y^/y^'j y^yK«u&9 8%ti 
MESS. 

[if*>a3 7 J 2^2 8cOV^*HciaKc7) 

&y-bu&m&si n Ge 1 . x x*)*hzbZftmk-rzm 
8 j a*Ji3 7ie®<om^*b 5 

BUiESi* Ge, - x (Dffitftittfl® 
0.01 < X < 0.5 

imxmfflzwtw 1 ! 
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[00 0 1] 

f&ffeBKfcHU 8 0t;KUiT't5:5e»f£U tfi 

tti§&lZtiM?&W& ( PTAT : Proportional-To-Ab 
solute-Temperature) &&&.-fmX&i£kby>i'X9 

(BIT. MOSfi«)WBMH»95'5^*«8v*fcWC 
[ 0 0 0 2 ] X. JEfc. *^Jti. T-^o^EHS^ri:t3 

fcaKJtlMtst. fc*«Mtfcittt*-*«EE ( PTAT : Pr 
oport i onal -To-Abso 1 u te-Temperatur e ) Sr & ft??- 

x?*mtemvamt&) im^xmmnmgm&z 
«EE*g»fc:sH-4. 

mssrMo shy >isx?<Q&K$KtmzmmLxmm 

L Jt C M O S h y > ? 5r M V >fc P T A T 0 g& i> ^ 
$n-CV^. CMOSfcJ;^»PS£Ejgi:LT, 

tooo3]Mosh yy^x^<r>^mmmimm l 

^CMOSh^^^^CiSPTATEJSStLT. #1 
E.Vittoz and J.Fellrath. "CMOS Analog Integr 
atedCircuits Based on Weak Inversion Operation" Vo 
1 . . SC-12 , No. 3 . pp . 224-231 , June. 1977. ( ##XK B ) 

avh y w ym^. i dtiTiaa 1 x-5-t t>ti& . 

I D = SI„ 0 exp(VG/nU I ){exp(-VS/U I ) - exp^D/l^)} 
VG. VS, VDfcL ^ft-fix. 3HRi:y- 

eff/Leff) N I D0 {±7'O-fe^.7 i ^D>''--C^i?.Wtt 
#>3&tt) . U t tt (kT/q) fc*bl/tv*&. ZZX\ 

[00 04] Tsividis and Ulmer. "A CMOS Volt 

age Reference" IEEE Journal of Sol id-State Circuit 
s,Vol.SC-13,No.6. pp. 774-778, Dec. 1978. (##XM 
A) X'li. *PH 1 t^-TJ; 5Ky-^LfcnIf 
t*MOS H5yy^^T 1 T2fc*fX-5 f ;h.Il. 12 

*rtB6*«u y-b^Eoa (vi-v2)tu. 

VPTAT=V 1 — V2 = nU I ln((S21 1)/(S1 12)) 
£#T^£. (##^A<DFig.4#K) . 



[0005] BBfciJVVC. K*iK-?h9>'»* 

tfllf. 

Vbe+Vl=V2+Vo 
Jil7)Vo(i. 

Vo=Vbe+ (V1-V2) =Vb e +VPTAT 

U ^2^c0vPTAT{iiEc7)iaS^eS:*-ri.OT\ -eft 

[00 06] E.Vittoz and O.Neyroud, "A low-v 
oltage CMOS bandgap reference" IEEE Journal of Sol 
id-State Circuits, Vol. SC-14, No. 3, pp. 573-577, June. 
1979. (##XKC) Xi±. *BB2Jcjir*-J:dte. Y 
-r-&-£-L£:nM^-v*/HVIOS hyy^X^Ta Tb 

(cisi-com^i £Stu *tie><ov-xnj£0>m <v 

o) t LT. 

Vo=VPTAT=U T ln(l +Sb/Sa) 

£#TV^& (##XiRCcOFig. 7#,^) „ #^XffiAfc 

J:l^C^V^^VPTATa}73*>. U x = (kT/q) KJtfllL 

[0007] Oguey et al . , "MOS Voltage Refer 

ence Beised on Polysilicon Gate Work Function Diffe 
rence" IEEE Journal of Solid — State Circuits, Vol. S 
C-15,No.3,Jun.l980. (##XS?D) X'it. *WB3G. 
^■tX 3 izAX-m-yfi p +tf V y'J^yf-b Srfto h 
y yi/X 9 Tl t n 'J ^ 'J 3 h £ Jfo h^/y' 

X^T2^H»T>'T£7)Ay7 by^zfXfik LXR^K 
ZtlZ'tlCD Yyy=JX?T\, T2*aKK««t^H T 
XL. y- bflLEOH: 

VR = VG 1 -VG2=AVG+Utln( ID1S2/I D2S 
1) 

ki/'j3yOA>p^ 7 rAVGtVPTA Tc^Ujln 
(ID1S2/ID2S1)^#5. 
[0008] ?#>K 
AVG=AVGO-amT 
X'%hZ\ti^t>. 
«mT=UTln(IDlS2/ ID2S1) 

VR = AVG0=1. 2 0V 
Sr#TV^S (##S3KD<OFig.9#Hg) . 
[0009] 

(cMo s vyy^^^-ytTmwMwminm-h 

ittC«t-?TPTATSrH3SLTV^. L^L^feH 
[00 10] a) MOSbyyiSZ.7(Dy-bZm%M 



tf#mt%&. tv^lTOWL. ±£#*^tS5B (BtfcSK 
+<05£ ( 12)#i) (ckftff. MOSh5y^^& 

I S((n-l)/e«)SMCoxU T 2 

fc»fcS$rf*wrar4>&v^ ZZX\ nltxa-yy T 
99. s\$mmttv*)\^b^**iv&\.<r>)Sc 

(Weff/Leff) , /*U:^^H^#rllT<OBi& 

[00113 UttWcti. *E#fMJ»E» ; USP432732 
0.4/1982 "REFERENCE VOLTAGE SOURCE" Qguey (##£ 
IRE) tceaS-h.TV^J:dK:, n=1.7 ;S=1 ; jj. 
= 75 Octf/Vs ; Cox= 4 5nF/cm* ; Ur = 2 6mVi: Ltl 
^iST'CD >m^i 2 n AtlTtfOSt/J^ H U 

[0012] b ) mur^ kohbwc «t shsa. 

L*> L- . ±a Lft J: ^ 2 n AlXrcom'h* ¥ V 

«MW:iRDtf>»2 6 sswi. 8 ox^Lh^autruu 
- ? msst J: & -t titfrni-t h z t mm $ tix t * * . 
[0013] c ) g^ifco^£«iE-f--i>*:#><9ttSE 

^«Jg^^*^K-T£^;LT#^:rt&x:rL>- >y 

tt&XWS'i*-/l'Kttff<Oil£fflV\ ^SffiltSrU 

IBKWt*ll' H-TiSeiTffi^TMO S h 7^ 
^x^JSIWflW^-t^lKWtt^JWr*^*), R-A.Bl 
auschild et al, "A New NMOS Temperature-Stable Vol 
tage Reference" Vol.SC-13,No.6,pp.767-773. Dec. 197 

aUH*tt*«E-f ifc*««SS/^ TXHSS^^i:^ 

[0014] *»*OB««. JJEWftSfclfiHU 8 
0 X£i±0>mtC *>£S£i8# L . 5IRK-Cfc«i & 

[ 0 0 1 5 ] X, *f6WO«OBWtt. tfeJ^Bf^ T 

TXUHBfcfflvvffc. »a©«lH*tttf>*5WH*h5>' 
5>x* frfflvifcgBMSU9B£Sftf-« £ b T'hZ . 
[0 0 16] Sfc(cBL<li. »38Bl~5fclSSW>* 
"Hli. 8 0X:WJb<iO»iaT't>SSift#t. SRK^ftT 
ti=5r< fc ttWTCB^WKWR h 5 v 5>* * £ m 
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zb*. m&mi oiz^Mnmiii. mtsmmtzzm 

h 5 >&xfiTm&LtzBE3l&ElR*m&-r* z b 
[00 17] 

M$ifllEtt«>a9i (06-01 6#gg) |±, -as 

tm-<mwmT^tiLm<om&Mv>m%& y- h m-t 
2tBB0&m* wmwmmMi i rnxtt vtzz t 

[0 0 18] M*3f3£tta%!li (06~07# 
M) t±> flllWWWMRh?^** (Ml ) i:m2c7) 

m#&gkh7>~sx9 (M2) vy-hzmm-tztb 

hiz. fgicommfikbyyisx? (Ml ) tm2^« 
Mlh^y^^ (M2) ov-xmff^MSrtii^-r 

[0019] lt^3l4lB«^l|BB (08~a 1 1 

mm) (i. ^lcom^mh^^^'x^ (mi) fcsg2 

(OfTOIb^y^X^ (M2) tfoy-x^^-t^i; 

: thiz. mKommh&byyisx? mi ) tm2c?> 

l«h7^? (M2) ^y-MBE^2rffi* 

[ 0 0 2 0 ] M««5£tt<09|BS (08-Hl 6 

: #83) 14. *l«WM(«h7y^ (Ml ) k»2 

i"* i: i: t> tz. flfcfr<0«!M»« h7^^ <o^- h - 

[0021] ttz. n&tnt&B&ti&i (012 (a) 
#af) a. m2cr>m^mh^y^x9 (M2)#. y 

' -hb y-XA^H$ ^ut-rrix •/ ^ 3 ^M^iSigJK n 

T*0. Mil(0^m^hyy^X9 (Ml ) 77\ ®2 
^S^Sh^^^'X^ (M2) cOV-XtC KP-W 

SfTDna^+^m^mh^V^X^ (M3) iiSta 
(R) *^=5r0. S3c0nIft^H^*h7y^' 
X^ (M3) fcffitft ( R) OflgK^tZffiKOWMMIh 
5 ^'X* ( M 1 ) coy- h ^tf St LT^ 1 
h7>-^'x^ (Ml) <oy-h«{a£-5-i.!>y-x:7* 

^'x^ ( m i ) coy- hm^mti b-th z b zmkb 

[0022] lt*«7iB^^B3 (H13 < A ) 

Sh7VxX? (M3) t^lcoffifit (Rl ) b%2<r> 
; « (R2) S3Wnlf^^HWMb 
7s>i;x9 (M3) fc^lcOSlii (Rl ) cO^fL^^ 
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\0M&m:V7V~Sm (Ml ) <oy-b£&SLT 
m 1 <nWm$: Y7>=JX9 (Ml) Ym$L*5- 
t&V-X7*aT®$%ttL. SlWfiSi (Rl ) t 

%2<nmk (R2) <nmwt&<n%m&j)t^hz.tz 

[00 23] W*58ie©cO^BB (014 (A) 

Sh7^y^ (M3) fcfSlcOigin; (Rl ) i:352<0 
Ita(R2) fr^ZO. mcO&S; (Rl ) fcSI2cOg 

St ( r 2 ) wjgi&iucgi i com^ssm t>7>-^^ ( M 
i ) <oy- htygmztifs i nrnmm y?y~jx? 
(Ml ) coy-hmafr^sv-^^^oriBisss-* 

U S3<7)nM^-v*yUMOS b^yi^:? (M3) i: 
Sl« (Rl ) cOtfiBb£com(a£aS:*li:-ri>£i:£ 

[0024] ttz. wm9tm<nmi\&, w&nmco 
tstst, fmzmmz, BKogsi (rd £j:tfss2co 

ffifit (R2) <7)ffi£^-iF b U 5 yy&fclcj: OiSfiT 

[ 0 0 2 5 ] £ fc s fS^« 1 OiESRcofgag (012 
(B), 13(B), 14(B) #gg) |i. nfif-** 

n/mnok h^yisxfx'&zmi <5om^s&* b 7 > s; 

XrMMl ) k^com^S&llb^yi'*;*.^ (M2 ) 

[0026] m&m 1 2B*<*>»wi. t 

WR<0lWWS«b 9 v^x?a>4>«fi£5f7.&IEcO&g« 
*>¥*tty- b Sr »o*R«>«W»* h ? > * *» 6 
£fc*1«Si:LTH* (018~028#?3) . 

[0027] afc. m&bi 3*mcomM. wisjEco 

~flS3«*flSMlh?>'> ? ** (Ml, M2, M3)C 
iO«JRLfcik*»ai:tTV^ (018, 01 9# 

hs> . s fc«c, m*JH 1 4 enosgja* ni 
coy- fcorr^ >y i' 3 ymx-y- b b y— xtmiL 

£ nSy^r */KOS* 1 cOtt#2&ft (Ml) 

jash^yvx^ (M2) t pScoy-bcoxy^xx 

I3<7)f#Mh7yyX? (M3) fc fcilJiUc***- 
&fcfcU~. ^2<r>m^^hyy^X^ (M2) coy 
-bmft£^;i&y-*7*o7[H|g&£l£H\ 312 com 

mm y 5 y ^ * <ny- b mus^ttE aj^-s t -t 

&Zt*imtLX^& (018#g3) . 
[0028]$ £>iC. It*« 1 5fe®t0^ii. nl(7) 



y- hoiyAy^ >- hsry- b t hw yarn 
LtcpM^-v ^)V<r>% l coms^m ^v^'x^ ( m 

1) fcGagJKpScoy-bSrkopSf-r *^cog52 co 

mzmmhyy-y-x? (M2) fcSi&KpScoy-bco 
fru -y ^ 3 va-ey- b t y-x£*§& tfc pif^ 

*)WM 3 ^mif^m b 9 > ^ * ( M 3 ) ^riS^Itc 
It. ^2<J5«^S6mh9>'^^ (M2) <oy-b«£E 

^^m^Eai^fc-r^^t^sttu-cv^ (0i9 
#»§) . 

[ o o 2 9 ] w^js 1 6ieieoi6BBs. w^s 1 

^mi—m4<om.mf}^hyy~JX^ (Ml , M2, m 
3, M4) lz£*)ffif$.LtzZtt:mLt LTV^S (02 
0-02 5 IMS) . 

[0030]?^:, 18*31 1 7KttO»B«, nMcO 

y- h cofyu -/is 3 ymx-y- btv-x $rjsn l/s 

nSf-r^O^l^ll^h^y^X^ (Ml) k 
X9 (M2) k&l»>lt:«aw-4fcfcfcft:. i£S&2<Ott 

i^aiih^yy'x^ (M2) tfoy-hmffi^-?-i.5y- 

1 o y- hmffi^i. ^ixi.«iejgnaoy- hwnM 

f+^gSWtffMh?^^^ (M3) t«Jg 
S n S«oy- h CO n Mf-V */Pc0^4 cr>m&%)% h?y 

fi|j£t, m4co«^*h5>'^^ (M4) coy'-b 
mfi^SmttEJfi^k-tSCt^ltfakLTV^ (0 

2 0#HS) . 

[ 0 0 3 1 ] S Mc. 8l«qf 1 8E»05M8«. nMO 

y- hco p ifA- ^-;ko^ i com^am b 9 y^'A 9 
(mi) tp acoy- b cottw -y ^ 3 >-a-cy- b t 
v-x£&mLtzpm+A> 2 com^-wk v?y 
isx? (M2> tzmmzmm-&tbi>iz. tm&2 
co«^^ Yyyvx? (W2) coy- b«{4$--^i S 

Slfc J: 0 y- b ^.iil. Siga nMcoy- b co 

nW1-**/\sCr>m3con.R%}gkh?yi;x? (M3) i: 
<£lSS n M<oy- b CO nMf- ir */U0SI 4 c0«^^ h 
yyisX? (M4) S-A^b^yv-'X^tLAcmftTy 
r£ffij£U m4COS-^S&mb9>-^^ (M4)coy 

(B2 1#H8) . 

[0 03 2] ttz. BWail9Eaco5M8«. nSoy 

- b coyrw y 3 ymx-y- btv-xzm&vtzn 
^wg, i com^s&m (md^p 
Mcoy- b co n *)V<r>% 2 com-^Sft* v^yisx 
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?(M2) t*mMizmm-htbi>^ im2(om& 

(M2) (nf-YWSLkH-thV-X 
7*vT®m*mi, fro, K7-X7*o7*[5HfcfcJ: 

o y- i-mftfr*-^ x. t>tih-mwi%. n scoy- honit 

x^tv<n%^<^nM^Y : yy i Jx9 (M3) fcffiffig 

nl«y- 1- COxTl' y ^ 3 fST-y'- b fc V— X £ G 
N Dm&i L*: n Mf-^/UO^ <7)m^S« h 7 

(M4) tm-niztmL. ffigd&somfflt&v? 

y~JX? (M3) fc^4<7)m-S1^&«h7>'^^ (M 

4 ) ^ t LX 

V^S (02 2#«g) . 

[00 3 3] i*, at#J32oie&co3SBjite. ns^y 
-h&pw+v^iwmi&nz&toMkhyyisx? (m 
i ) t p m<oy- h (ofrw v ^ a ymx-y- htv- 
ut pm^ */t><Dm 2 omf^&JH h?^^ 
?(M2) ^it^^^-r.&fcfctt. Miami <os# 

m^kVyyVX? (Ml) c7)^-h^{42r#xSV-X 
7*nT0SSriS(t. fro. iy-X7tnTlHKt:J: 
>9 y- h «ff fr5- *>ixS ffiz&Jg nI^-h^ P Mf- 
A-^©13<0S^lh7V^*X? (M3) t^igjg 

/PcolMcom-f^^h^V^'X? (M4) SrffiWciggg 
U %3<Vm%$iY : yy i y'X9 (M3) fcSI4com# 
«h7y^'x^ (M4) coW:Wi&zmmw±lii?>&t 
■t&ZtZimt LX^2> (02 3#I) . 
[ 0 0 3 4 ] *fc . li*3S2 1 tE»co?gBj§{^ nl<oy 
-Wfri/'yya >-ST-y- h t V -X L n 

if+ */uoss i comics* h ^ y^'x? (mi) tp 
mny-hnnm^* */kos? 2 comi^yn h?y=;x 

? ( M 2 ) £Ti:?iJ{cg$H-£ i; frlB^2co«^ 
(M2) <7>y-hmiAZ-$-t&V-x 
7^-nriIISS€rlS('t. fro. SiiSpS^y-hcOxr 

<7)&3<rMR&£kh7>i;x? (M3) fcfl5ieV-X7 
^armmcJ; 0y-h«Efr'-^i^»^^ffiigKpS<7) 
y- b<7)plft */PC0gl4 cO^^gft b 7 y ^ ? 
(M4) Srit^JKg^U ^3cO«#^h7>-^X^ 

(M3) tm4comRy)%:h?y> ! x? (M4> coig^ 
^*ip«sai^^t-r-?»-t^!mat ltv^ (02 

4#K|) . 

t 0 0 3 5 ] £ fc . At*)! 2 2l5^c7)^Bj(i % nfcoy 

-Y<npm.^^*)V<r>w,\<nWft^v^vVx9 (M 

Dtp ScO^'- hdfri/ -y ^ 3 yST-y- h t 7- 
x£i£i§[ Lfc p If^ */K08? 2 com#3&S h7>-yX 
9 (M2) Srffl^JKSH-f & i: Uc. 151213 1 com# 
(mi ) coy-bm&£-5-;ti>v-x 

7*nrHI8SSrlSit. fro. i£V-X7*nT®mz£ 
0 y- h^Efr'-^ £>ixl>SiiUg nScoy- hOrTV 
•y 3 >-McO nlft *)U(r>m 3 com#3&S h 5 V ! JX 
9 (M3) t(Rjg«nS^y-hT-y*-hi:7-X^^ 



SUtn^^/l^^coSli^h^^X:? (M 
4) £fi?!H=gggU a3^fSMh5y^^ (M 
3) fcg4«l#Mf7V-;x^ (M4) coggb££ 
*PSffi£b^i:-rS^i:5:!|fSi:LTV^ (02 5# 
m . 

[0036 j tit. n*m2 3^m<r^m. mm 1 

fr-^*^(i^^^gfflv%T««t^^i:^!Wl!i: t 
TV->-& (02 6~2 8#!S) . 

[0037] m>&%2 Aimnwm. flcoia 

Jg^&£8o«EE^[I]8Sfr\ nSc07-'-hc070-Uy v- 
3 ymx-y- h b V-X£$mLtz nS^-v^/l-cOSS 1 
«!M)If7>-x^^ (Ml) tpMcoy'-hcoxV 
y^X* y bMX'-y- h b yztmLtinW^-v 
*)V<r>% 2 <7)m^lft h 5 y i>X 9 ( M 2 ) Ojt^^ 
M^fr^^rO. :EO;SJg^Sc$-J$o®EiS®S&fr\ buIS 
^2<7M^mkh : yy=Jxf<r>Y^^yns.\,zX^y- 

comS^S^&mh^V^'X^ (M3) tffiiftSnMO 
7-'-h£0-r7°U--y>'3 ylt7-'-hkV-^S:GNDt 

(5 fc t ?t n if^ *)V<f>w.a <rmft&gk v^yvx? 
( M 4 ) <DS:?!l jfi!fl§fi£ fc . ^ 3 <r>wm%. h^yzSx 
9 (M3) i:S4«fMlIh7y^^ (M4) COS 

i^comflEtc<t o y- hn&tfs-z. ^hw. 5 <nmm%i 

Zkh^yiSX? (M5) bimmnmcr>y-her,TTU 
>yi<-3yM.T'y—hbV—X£GNDmftb L^rnMf- 
•V */KDm 6 h7yy^? ( M 6 ) cott^lg 
^«fr^>=5r0. mSco^^h^y^'A^ (M5) 

tmecom^^h^v^x^ (M6) ommKimm 
nSita^b-ttzbirnmbLx^h (02 6# 
si) . 

[0038] ft*Jl2 5E®(0f|Hflli. flcOiSJg 

ymx-y- \-bv-x*tmLfznm.i-*r *jwm 1 <n 

nJftWkV'yyitx? (Ml ) b pMco-y-bcDJiy^ 

yxtybmxy-bbvx'AyzmkLtzTim.i-** 

)V<nW.2iii.-^3^mm^i^Y : yy~JX-9 (M2, M 
3) coB^g^jfcfr^&D. jEoaS^St^^oflffi 
iSHlKfr. itjSSnMcoy— h On ^+^£7)^4 CO 
fWfS6*K5>>'*X^ (M4) fcffla&KnScoy-hcO 
TTt'-y>-3>'M-C'y-hi:y-X^GNDa:(at Lfz 
nm^-v *>\s(T>m5<?>W.R%}$!:b y y ; JX? (M5) CO 

mmmwtffi&b. m^A^nm-^vyy^x^bw. 

5 com#$3i hyyitx? cog^^colff ic XK>y-b 
*fi[fr*-¥-X 4»fLl>iSill^nSc07-'- FcOnSy-v^Uco 
m6C0«:^*h5>'>'*X^ (M6) fcfflagJKnScoy 

- fcott p y >- 3 yity- h b V—X&G NDm& 
bLiznm^*)V<r>mi<r>mmh$kY ; 7yi?x-5> (M 
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X9 (M6) h%i (rmZMb^byyVx? (M7) <0 

(@2 7W . 

(0039] if$32 6£tt£>KHtt. M^I 1 2 0>« 
tLTV^ (H2 8#«s> . 

[0040] mim 2 7 £K8^#?&93<»l«EEiS® 
m.cr>y- bcnuy^yxx > hST-y- 1- b V-XZ& 

&Lfznm?**/wmi<nm%$h%:h7>> ; x? (m 

1 ) t pM<r>y- hwiyA^^ y bW.x-y- btb' 

=Jx? (M2) <Offi?0«*ttSfi£*>£>3:D, jEOigJg^Sf 

>l><7)f&3<?>n%#)Mkh7yi;x? (M3) kffi&gnM 
coy- h cox>v\ yx^ y h STy— h 2: V — XG N D 

( m 4 ) <Da:?!jg^fSj£ t . m 3 cornea h^y^ 
(M3) tfdAnnm-WkYyyitx-? (M4) 

(M5) tmrn-nmcoy—hco^y^yxjiyhsix' 
y-htv-x^GNDm&tLtznm^^ ^}v<r>m e 
nmRmk b y y s jx ? ( m 6 > vmnmrn m> 4. * 

(M6> ogf^c^^jimEaj^^fc 

-*-*£i:£Wfti:l/CVV& (02 8#B1) . 
[004UX, i&mx\±. ana^-SK fc t-spom 

tfiJRs J»TfcWJW*J:dlCVPTAT. VPN##£ 
til, 

[0042] &y-bu.mm$,i'0 ? 

dlzLXl>£^. mfctlXotzy-b^ 

mwm%(o*x'm t jvp tat*s#^ . 

[0043] ^cv^i, «-y*-h(i^^^UnyJ:0^ 

JMSfis' 'J 3 >so^|5]«, y- h^^^jKcT) 
*T-&£ h V P T AT#f# L>tl2> . 
[0044] l£\M±. &y- Mi3H&fl£i,,Ge,. x i 
0. Si x G ei - X C0««Jt*>*B& 
0.01 < X < 0.5 

isvzycow&mm, y- b otohwmw)*^ * h 

[0045] 



[0046] *sfeHjjti. &%Mx-i>mz am^ssa h 5 

y ¥X9 £fflVvfcC M O S7*D-fe^.T'^Proportional-T 
o-Absol ute-Temperature ( PTAT) ^EMcOH^-^-S. 
h<7iX'hh. 

[0047] yiOSbyyirx-nzXhPTATmi&t 

Lxi±&%.$£m£zm^tii><?>tfmL>tix^s>. ta> 

U llS:i£M«tC«o^tf)c7)2nAiaTfiOJS/hSc£5-5£ 

o i»-^«osj;«fcs^so-m^ts^y>8o-cuui 

[0048] faftg(Ngl ) COnMy- h t Ki&£(Ng2 ) 
<0nMy-h£W^S'<Th5:xi'';2.;$>Ml , M 2 (7)X 

^!t*(ii^(C^Ll->^VPTAT=kVqln(Ng2/Ngl) "9 . 

MOST-n-feXT'fflV^TV^&ffiffifjty-h (20fi/sq; 
'J >-iU^ 1 Xe*o/cm3 ) % i«g$ty- h ( 10KQ/sq ; 
'J>-liS*<;2Xei6/cm3) £PTAT®mzm^hZb 
izX*). VPTAT=0.221V (MiS) OPTATmSj!i$-»l 

[0049] *5M8«Sdfc«*»i!Br4WfK:. i^, * 
Wf\<?>m&*W*fith. *5H8li, 8 0flEKLtCU-^ 

[0050] Ong(ed.) "Modern MDS Technology" McG 
rawH i 1 1 1987 ( F ) <7)%A 6 HOl5m(~ J: ^ 

Vt = <&BS-QtyCox+ 2 *f-Qb/Cox 

ftwrn. coximimv>&&wm%tzK)<7>im.®MLX'$> 
h. 

[005 1 ] 04 MOSb^yyx^'yKit 
0m=<^SO+Eg/2±0f 

<t>^W.3m<f>i<Vft^\iy-b1fipm%:t>jE. nM^r^ 

fiT-$> s . n t#«sco^«cT-ffi?gg (Ngi) t 

(Ng2) coy- b£ 1ft^y<.T byy^X^CDXVy^^ 

-jubmKvwmt. y-bttc?)i±mm%.<f>acr>mzm 
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Vtl-Vt2 =<MNgl)--£m(Ng2) 

= [Egl/2-* f (Ngl>)-[Egl/2-<MNg2)) 

= 0 f (Ng2)-* f (Ngl) 

= -kT/q ln(Ngl/Ni)+kT/q ln(Ng2/Ni) 

= kT/q ln(Ng2/Ngl) ( 2 ) 

VPTAT = (kT/q) ln(Ng2/Ngl) 

i: & 0 . y- h^T^^iSJSJt^T'^i SVPTATtf 

Xe^/ctf^si&gn+y-K U>iiJ^;2Xei6/cm3 
WffiifU£n+y-F£ffl^Si:. VPTAT=0.221V <^S) 

hO'jyi8«*>'lS5<g< : 5r , 9^9xe»VcB?. «iSSn 

*y- hwj >m&tf 1 sg©< & o 2 . 2xe> vcm? k 

VPTAT=0.216V * { **<?>*U j^Ki* 

&Jgn+y-FOi;>ilJ£aUiiJS<3r9*n . lx e 
™/cmK &mmn+y-hWJ vm&tflM^ts:*)*) 
1. 8 Xe^on^S: VPTAT=0.227V (gfi) 

F 9 V ^ 9 <oy- F <7) »J ViSKNgl Ng2# 1 fij^ 

[0 0 5 2] .roioSr. U >iftg<o#13:.&y-F£f£ 
f£"M>:fri£fc LTte. J > Y-y°y- F Zftfitv F L 

tztk. wm.y- f az Ltz^mtt£wnmx~?x* vy 

ItJtS: i -x Lfcft-f ^ >&XX'V ^£ffla*J£ F— 

<t>i<nmch y- f srft-o^r i- 9 ^x?#ffrjrt-£ 
tb. mttmmm. *"**/n«— ?\ 

FmflEvtolta* y — h<07i/vs F-^/P <f> f<r>m. t 

[oo53]«c. 7x/u$w^<£f ons-ixoai-r 

[00 54] f&fPffittS (VDS>VGS-Vt) 
S F 7 >is'X?CO FW >-mSE I d(i, 
Id=(£/2) (VGS-Vt) 2 

[0055]fot, y-bcDj&feb^Sr&^TMOS 
YyVisXfWl , M2tf>FW >^idS I dl , Id2fcL 
Idl=(/31/2)(VGS1-VT1) 2 
I d2= (/92/ 2 ) ( VGS2- VT2) 2 
X'hh. 

[00 5 6] :iT. VGSlfcVGSl, VTli:VT2(i, •£ 
iv£'ftMOS h^VyX^M 1 tM2£Oy-F-y-X 

lamaE, xi^-yi-i*-;i-HmffiT'S>&. ife. 01, 



0=u(e OX/TOX) ( Wef f / Leff ) 

<?>BX'3ibZtl&. ZCLX\ u ; ^^VT^MSi. eO 

x ; Mimommm. tox : m<mm. weff = se»f-+ 

*;m. Leff ; ||^^*;F*-e£>£. 
[00 57] ^TMOSh?^^ ^f+iJ78i- 

IHtKOfBH^eOX, BHtJWTOX, 
/HflWeff. S^^^FJtLeffa^UvrC/31^2 
fc&oT. Idl= Id2fc-f6.IfcT\ (0/2)<7)l%im 

(VGS1-VT1) 2 = (VGS2-VT2) 2 

«ffiVt«0H-?->S:i5*>^f^li5rlX 0 
[0058] fiLL. * -V U TiitSn^Ji^ffiSN g£ 
^ L V ^ WtC P T ATmffi!I<7)IUl£i£^-C 8 ?t 

[0059] t-rr- h*^fe B H <o^tcov>Ta^ 

n=AXN g 

tmztLZ. zzx-A&is&ttmx'$>*). iot^ss 
-e$>§. Aitmrngwsmz&imwx'. ±.msc$ 

(2)\i 

Vtl-Vt2=kT/q 1 n (A 2 X Ng2) / (Aj X Ngl) 

[0060] m^y- VW&m&i' u ^ > ( 'J n 
(± 

n = AXN g-B 

t«^fT.I>. i^tAliSttft*, BI2, Boc ( 1/ 
T) coiolC, ^tffljScOiSiaiCjtWSffiT'&S. L 
fc*>"oT, JfcS (2) Ji. 
Vtl-Vt2=kT/q ln(A 2 XNg2-B 2 )/(A! XNgl-Bj ) 

t**). y-bc7>^mm&mk<Qx-x'jg£zvpTAT 

[0061 ] Z<r)B,<F>m±y>'7V FcoStC^: 

PTATS-^s^tcji, vt i -vt 2<?>mtfy>y 

xotzi-zztizx^x. mmvussB&tQOB t . 
B 2 (vmzimx'Zhmizftttfrz<?&. ^o^m, 

VPTATtm^tLh. 

[0062] AfWtCJi, *3?^7 -ymX'9 8%&±c?) 
fyfV FtfrP-S F V^fffiJf % 

*>%\.\ 02 9fc:^-r^ai(i**^J:>?.^-5^-F 
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i o o 6 3 ] z z -cy>y y y?#y viz^xnR.-t 

■St. fyfV yrtfyVmiiESR (Electron Spin 
Resonance) lz£-o X Mfet h Z t . jl#t43£g] 

m:*mmz i s ? - s *- >- 1 1 . »mm<^> 

TM^iSrctAL. «lS (2Xei 9/cm3 . 10 00 
•C) X'W&thZblz£iX. 9 6%W&&X'y>7'V 

y?#y vifif- s *- b zti. isjgmmmtA, zm 
mL**r>ztiz%z>. 

[0064] Lfctfot. =?#>*.mmx'9 8%£l±?- 
$*-bLX&<Ztl,Z£r>X. W&W&WZtAsZm 

[0065] %£y— ftf£t£AS i x G e j _ x *>» 
£0>M(COlvC&<(£. i x Ge ! _ x iZtfV 

i y yy^y YvMW?'}?^. Ltztf-) 

X*-*VTm&nli 
n=AXNg 

fc*«*U JMSA««^fcRtJ:dt:vPTAT3&»»6 
*t*. 

[00 66]&t>. Ge 
i: Ay H^F-y < £ "J , ***V PTAT £ft 

iUWPTA>0. 2 (V) Zft&fzMzlZ. S i x 

Ge, _ x ffmnutmmmt. 

0. 0 1<X<0. 5 

[00671 4*$, WTWRfW- S#HSSWT«. y- 

h*#vyvziy£z>%&mmf&tf. z<r>xo^m 

t U ^V^^AS i x G e , _ x 

j£Jt**0. 0 1<X<0. 5<0ffiHfcAoTV^tc0fc 

[0068] KIT, HiBfcffl WC . #fBHjjfcffi£ P T A 
Tfcffl^fc*BE»£BHW>£flcWfc LT. ^7MO S h 

8ffi. E8+x EATB-jfcMOSh^y^ 
^Mlfljy- M±4&IK(Ngl) cr> n S# 'J >"J 3 >"T'*> 
6. MOSf7y^^M2»i, ffittft(Ng2)Ong>K 

tz, JSLT04H3»«)ft«(c*Jir^T. MOS h^yy-'x? 
MUM2I1 HtfelHRJ** f-Y*/H<-7\ 



[0 06 9] y-HWLfc^TMOSh^vy 
PTATti^TMOS h^y^'X^y-XfSfftfOJti: 
[0 07 0] ftfetfCMOS h5>^Ml fcM2£M 
[ 0 0 7 1 ] 06(4. *BB«j£flltf>g*W2ry>f 

fc. *0S8<i. 2o<?3mis^ra^- : ^i3*>mi®vcctG 

KWT&MOS Y-jyiSXfMl £:itigjg(Ng2)c9nS 
PJi/'j3yy-bS:»oMOS h5yyX^M2^y 
-h«SIS«U ««K(Ngl)Ona#y^'j3>'* 

y- mc^-Tsmo s i> 5 yy'x^M loFWyir' 

1, M2«0^tt^it/3 2r}ii., FWy-y— *H«« 

(11=12). 
[0 07 2] ^tfDffi^Ci^T, SKK(Hg2)«)n&ft 
D y D 3 y 7 s - h ijloMO S h 5 y-/*X^ M 2<^V- 

y- h 6MOSh7^^MlJ: ffi its (Hg2) 

<r> n s^f y is y 3 yy- h 2: ^> M O S h 5 y ^ M 

2cr>V—xn&<7>M) * { VPTAT=U I ln(Ng2/Ngl) t LXM 

[0073] mz^ MOSh7y^^MltM2JS 
PmWtLtz®&®&MlZ^X&'<.&. 07<i, 

ffifmnm*m%y4T77j±z^-tmx'h% 

MM) . mmizijk-fXoiz^ *0SS(4, 2-P<7)«jlicoS 
-r=5r^«^VCCi:GNDc7)S('. fflafeg(Ngl)£On 
M^y y^y^T-'-f (c:*-ri. MOSK^VyA^M 
1 tnmi&Qi&X?) nWKV y'J3y^y-M:ttl» 
MOSh7y^*X^M2^it?g^i-Si:i:t,fc. ^fl 
4>oy— h L.TMOSh7^yX/M2<0K 

i-'f ytmrntz. 

[0 074] ^WMCioT. MOSh7V^?M 

2<oy-xmfi[ (-r^-*)^. Mosb^y^Mico 

y-xmiaiiGNDT*)-?.^'. MOSh7y^^M 
2<oy-XS(4li. ffiffit(Ngl)<7)nS^y ^'Jayj; 

y- h (c^r-ri, m osh^y^x^Mit ^iss(Ng2) 
<o n y >- y 3 y y— h m o s h 7 v is* 

^M20y-XfE<ao^^LV^) *^tt^JVPTATfc t 
T , 7 x;y S U^I^)SgT*4Ui ln(Ng2/Ngl)#f#t>;ft. 

[0075] ^{CV-XSSL/i^rMO Sh5 >->*X 
^*fflv^0B«*Wfc:ov^'C34' 1 C4. VP 
TATJi^TMOSh^y^X^oy-MtJI^fc L 

[0076] 08<i, *EWMtJftfl*03Ms««ry-f 7*y 
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KVnffilzmthixtz. fii6S(Ngl)^n^-Ky i^V 3 
Vfcy-htSfirr&MOS h^y^Ml , iS?&£(N 
g2) O n y— h Zftr>MO Sh^^'X 

^M2. pIf^^MOSh7^^M3fcJ:^M 
4. nIf+*yHaOS h7 y^*X^M5*»^ffi^$ix 

•TI.MOS h7y^M 1 £:KjgJK(Ng2)?>nMtf'J 
yU3>t'-hS:toMOSb7yxX^M2«OV-^ 

[ 0 0 7 7 ] AttttKti. pSft^MOSh^yy 
X^M3, MAX'tilsyb $7-\Bl&Zffif8.L. pit 
-V */HM O S I- 7 y i?X 9 M 3 t isi&K (Ng2) <D n Mtf" 
ijy'ja yy— V £ Jfo n Sf-v ^)vmosY7> l Jx 

h7yisx?M2<r>y-htv-A£&m (semssfg 

H) L» pS^-A-*/HVIOSb7y^X^M4i:®aK 
(Ngl) W n S'-K 'J is l» 3 yy— h i&r> n g9f- -V */HW 

osb7y~sx?Mizm.nmwtLx^&. Pitt* 

/HVIOSh7VxX^M3. NU^l^l-S^-*!^ 
(CiD. ^igK(Ng2)c7)nM^-V^-/HVIOSh5>'> ? X 

m 1 1 ffl t%fis&mt& . 

[00 78] ttz, fSVCCCKH yZ. nlft 

S^-v */WM O S h 9 y ^ M 1 <r>y— v t,z V - X 

M5$rmft?>. V-^7tn70nIft*/l'MOS> 
7^'X^M5linlf-v^MOS Y7y : JX?M 1 
c^y-hSrl^^Idnjt^&i^^N'-fTXl-l). doff 

U r ln(Ng2/Ngl)^U^ 
[00 79] 4fc. 08c7)[IISS^c7)^»0lJt LT, 0 

m) . H9(c^-rms&^±. aswi^g^NgD^n 

I^'Jy , j3>'5: y- h fc^T-T ^, MOSh7y^^M 
l<0y-hk«MGNDc0H^«eiR5-, fitiRUR 
2fcT8&j£U *<0«8&£A»t, iB^mEVPTAT^JRO 
ffi-T. Cl<0t§. ai^«ffVPTAT= (R2/(Rl+R2))Urln(Ng 
2^gl)k^S. 

[0080] ££>^ ms<7)®$mi8.<rm&mt lx. 

im0^ft£[I]8&f8j£^«re$>6 (^3ltSfi^ICD^2 
^fll) . Hi Od^-riElg&fiiJ&i. @8c7>&igJ£(Ng 

I) cOnS--KU ^ U 3 y £y- MClTf* MO S h 5 y=J 
X 9 M 1 <oy- h k 9MG N D <7)ffl<7>mn.R Z R 2 k -t 
hkktiZ, MOSh5y^^Ml(7)7 { -hi:nIt 

-r*/HMO S b 5>^^M 5coy-xoB^ffitn;R 1 
SrifAU nS^-^^HVIOSh7>->''X^M5i7)V- 



EVPTATUu ({Rl+R2)/R2) U I ln(Ng2/Ngl) £ 

m8<om^mm.<r>^mtLz. mi icotnz®& 
m&u>-5im?bz (&3m$mv>'%3 i mm) . mi 1 
t^-rniss^ti, 08c7)fisje(Ngi)<7)nM--Ki;yu 

3^-HC^tSMOS h7>-^^M l<oy— h 
- V-xffln&iiiRlzZ&i&m&^xizpmi-* */UM 
OSh7y^M6, M7^<b ; 5:-5)^V>'h5 7-[Hl 
B&SriliDU pmi-* *)VMOS Y7y : JX?M7cr>V 
-Xfrh, tilTJmflEVPTATSrroOai-r., <r<Dfc£. {iJ7J 
mEVPTAT=MU 1 ln(Ng2/Ngl)i:^S. ZZX\ a£4><7> 

"M" {i*l^yhS5-Stg«7)it*-C-ftS. 

[008 1 ] _B£ 1^09. 10, 1 lfc^rcLfcid 

08<OHI?&fc^SrJni..SCi:l-J:'3- ffl8cr>mj} 
mEUjlntNg^gDtCfifitifciitJimggifc (*^>-h$ 

■5 J: 3 £3: 9. Tn-txyT??X'hhmmtW&2/ti& 

dz. zti^&mt^m^itz^ihzkizx-yxKm 

TATSr#i,/i^(C{i. if^tftffiRl , R2$riBlEtT 

fistit, ^Mrmmz. u— fftzmmmzmji 
mz$m l h o s & hu s y^m ( «etfflp^ 

[ 0 0 8 2 ] 03 012. ico h'J 5 ^#g<7)-#J£* 

cmtt* v— fft-citt* z t izj: ^xmmcomim 
mmm-tz>zkizj:-?x±M&ijiRi , R2<Dimm 

SriSS-T-S £ k if^m.Xhh . 

[0083] &iz, st^iLtfri/7>'3yb7 

y -JX?M 2km t«SE£s£-f M OSh^V^Ml 

zm^&mi&mim (m4mtm) iz~z>^xmw?&. 

Zcomr^cOHi^jVPTATimOShyy'JX^Mlcr, 

y- h-v -xmm&vcs k**. 
[oo84] Hi 2 (a) ti. *®®m$M (m4mm 
m) (nm^w^y-iTVy^z^^mx'hh. mwnz^k 

■tXolz^ *|g|&<i:. 2o<73«iicora-r : 5r^*>«jivc 
CkGNDcOS^. iSiltg(Ng2)c7)nM^U>'Urjyy 
-h!rjtof/>7y3ylMOSh7>'^M2t 
tmg. WgDOnWtfVi/Vayty-h iz^ft h f/ 
lx- -y i- a yiM OS h7yyX^M 1 £HyiJ (CtS^-tS 

y- h k v-x*im-th (femmm. ■. vgs2= 

0) . 

[0085] £fz. ;<7)fri/7j/3yiMosb5v 

=JX?M2 <7>y- V k V -*«0*6tR«fcy- h S: . MM 
VCCCHWVJ, f71/7y 3 yiMOSf-7yy 
X^MlcOT-'-h^T-'-hfr. ^^'ixig^L^nM^- 
-v*/HVIO S V^yisXfM 3 SrigltTV^ . 
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[0 086] ZOffifSLlZii^X . f/V-fj/ayfMO 
Sh7 >i/X?M 1 <0y- h ( nlf+^UMO Sb5 
>v-'X^M3(7)y-^) <^)SE* J VPTATi:^:^„ C^t 
§<0VPTAm, f^7i'3>^MOSh7>'y^M 
l<Oy*-h-V-X^«EVGSl{C^t<. 
'<7KOMU I ln(Ng2/Ngl)i:^-&. =0r±J. 01 2 (A) CD 
@8&1fj£09<i. MOSb7>'yX?M15:fri'7X3 

?M1 lixyAy^^ y bWX'foiX *> <fcv>. 
[0087] 01 2 (A) coBS&fgjfcco^^i: 
LT. 01 3 (A) cr>m®8&mf8.l>~^mX't>& (S&4 
fttfefflcogl l^J^M) .013 (A) izm-\s\foffif& 
li. 01 2 (A) tfOfifflgCNglXOnM^'J^Un^S: 
y— hlztt & m o s h y y ? m i coy— h t WM 

GNDcOfScoScfitRSr. JSStR 1 1 R2 fcTfftJSU * 
cD*^£*>£>. ffi^lffiVPTAT$:IZOaii-. 
ili^ttJEVPTAm. (R2/(Rl+R2))U I ln(Ng2/Ngl)fc^r 

[0088] 01 2 (A) <?>®&ffif8.c7)$2&m 

b LT, 014 (A) <0*n#®l&1ij£k-BIfrra>.g> (Jfl 

Amm<r>w. / 2.^mm . 014 (a) (=*ns»«« 

Ji, 01 2 (A) iO«?IUK(Ngl)conM^y v-yay* 
y— h tc^r-f s Mosh7V^^Mi <oy — h £: «jl 

GNDc7)ra<?)»tn;SrR2ti-?.i:i:tlc, MOSb^ 
i?X?M. lCO-ir—bt nIf-p*/PMOSb7y^X^ 
M3<7)V-^c0S^SiaRl £J?AU nlft^HI 
0Sh7yy'x^M3W-xK, ai^mEVPTATJr 

Bioai-r. zotznitijjmEmmi. ((ri+r2>/r2) 

UxMNgZ/NgDfc&S. 

[0089] ^^.012 (A) com&ffif&em&Mk 

lx. 01 5<^D*ni»«ja«)Wr*s (jmwiw 
<r>m3$Emm) . 01 5t*-r[H]s&fl£j£ti. 012 
(a) (vftam.imxrynmxvi'V^yzy-hizii 

tSMOSh^y^Ml ©7 s - I — V-XfflCO&ifc 

RfcSfriS&fr^fc pg?-^*/PMO S h yy-Jx? 
M6, M7^&l>#^:yb S7-B8&£iIinU pI 

ffVPTAT&SXOtli-r. CI<7)i#. m^«ffVPTAT=MU T ln(N 
g2/Ngl)i:&.S>. ZZX\ "M" Ji^l^HS? 

[00 9 0] ±3$Ui013 (A) , 14 (A) , 1 
5fc*Ut«fc5£.. 012 (A) co PUSS 1^3912 ^SU-iS 
ClfclCkO, 01 2 (A) Oii}?jmmiTln(Ng2/NglHc 
ttttitMl * fci±«SEJt (*U>h$.y -«ii&0Jt*M ) £ 

-feX7T7^-CS>Si8Sifc(Ng2/Ngl)Sr, Cix^ffiJnJt 
^mSLib^^i. Sitt:<t -?X&mzffiE-t&Z\ t if^ 

mztcz. 7v-txizm?L%^mATzm&tzMz 
a. ±ia^itfflRi. R2*mmLxm*x7 r ? 9 



< (03o#gg) . fmxmmz. u-^im 
vwizimmzmttL bv$ >r-tz mj s y?%%. 

[009 11 &tz. fiSJS(Ngl)cOnM^U^'J3ySr 

y- h tzirtb mo sh7^^Mit sms(Ng2) 

cOnS^U ^'J 3 X7-'- h ^MO S h y yisXfM 

mm) co^TWtj. 

[009 2] 01 6ti, *S8fll^ (»5|Qfen) cO 

ryyi*. *m-?mx-$>& . fm&zt <t 5 

fc» *0SS«±, 2oco«jSttfora-T : 5r^^«®vccfcG 
NDcDfSK::. y-^-^S<X7tifi«g(Ngl)conS^y 

jgJK(Ng2) CO nM* 'J ^ 'J 3 h Sr^-OM O S h y 
yy~X?M 2 *&fllZW1, MOSh^>-^^Mlt 

mos h^>-^x^M2coh'U'f ycomft£^i&T>-r 
a i tA^j-ts i: 1 1> iz. mmryy-A i coai^^atn; 

R 2 £ 7> t T M O S h y y iSx 9 M 2 (OV- h 7 -f - 

2c0^r'- h fflZtmR 1 Sr^ltT v^S . 
[0093] #ffij£t::*>vvt\ MOSh5Vy^Ml 
coy*-Kl{±tBEVCC*^ MOSh5>-^X^M2cO 
y- McJiffiiaR 1 (c i oTmffi£TLfc#*ff1-VCC 

ClcOMOSh5>->'*X^M2c7)y-h^JOX.A> 
il^«E«i, VCCSr^t LTVPTAT=U T ln(Ng2/Ngl) 
fc>5:0. MttT^rAicoaiWi, vcc^SI 

fc LTVOJT=(R2/Rl)U T ln(Ng2/Ngl)t^-S (01 6# 
IS) . 

[0 0 94] ±^L?t#Wfefi?lKi:. MOSh 7 y^ 
Ml M2kL-r na^-r^-;HVIOSh7>vX^Srffl 
V ^g)JT'S> & plft *;Hfl O S h 5 V ^'X^ Srffl 

S6W3fflV»^>fiTV>2>#MO S h yyisX90)1->v%-)V 

(012(B), 13(B), 14(B) #{&) . 
[0095] »:t:±ie h ^ ^ Srfflv ^ 

i^xmm-th. 

I 0 0 9 6 ] ta!*cOM O SlZ* &mm&Mt LXIZ. 

m®*>***ji>\ t -y-nm&Z$£Z&c:ttz£ Vtt^fz 
TTUyi/3yY*yyi;x?tx.ys\yxj<yb\-yy 
~Jx 9 cox Uyi*-*.* —IV b'WKcom Srffl l & C0*>'3tD 

%hbyy : Jx9\±. mmmnii xvzni&mimtfm 

[00 97] ZZX*-. *^T'ti, aHK*f-**A'F- 
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co¥*(*y- h fcSr^TM O S h y >z/X?t,z £ §ft 
<0^^gt£f#oVPN^M£iii;^;b-t&c: fctci 0 
HJrMco^SffV RE F =VPN+VPTAT5r±j£-tS J: -3 

[0098] Xfitf , PTATmHSUi. 8 0 

[0099] ±ie<??*D< , . 3-v y r^»s^ . mftm 

|^^*/kftLeff**i?U^.TMOS by y^x* 
T'«i>31=/S2i:^0. I dl= I <&t-?&Z f:T, (VGS 
1-VT1) 2 = (VGS2-VT2) Lfz&iX VGS 

£j8fljf^ 7XU X W KSEVtto^l 

[oioo]±at^«tdtc, m-mmmx-^msmm 

VPTAT= (kT/q) 1 n(Ng2/N i ) - (kT/q) 1 n (Ngl/Ni )= (kT/q) 1 n (N 
g2/Ngl) 

lit. kttsK^yvyiRlfc. Ttt«**aflL q{i«-?o 

[oioi] ttzmmz. mmvmx-^mmmnm* 
& y— v Srft-^r h?y ~Jx 9 cox v-y^^—iuv 

VPN= (kT/q) 1 n (Ng2/N i ) + (kT/q) 1 n (Pg2/N i ) = (kT/q) 1 n (Ng2 
*Pg2/Ni*) 

T'S>9. Z\<7y<.TY 1 7l>'i?X?<?>X\sv~sz.-fc—l\'YQ 
Kco^MK>th-tz\tizXK). fk<r>im.$m.*ft^mE. 
mm*fthz\tifix-*h. 

[o 1 02] m^JcMDizmmsnx^&xoiz. m- 

coffik H-7^*>, *f'jyij3y y- h A* 

ifssago p mt Hammer, n mT$> s^tm o s h y > 5/ 

X?(OVPNJi, y'j3y<7)A>K^ 7 7l5AVG 
(1.2V at T=0. 1.1 2 Vat T=room temperatur 
e)X't>*). ttc. Ztl$><7)'<Th7>>!X?(r>Xls yi' 

FWKcomx'5-l htih . W-i yn&t y- 

h-V-xmfilMl&WitDi/y Mi, Xl/7-/a*- /H< 
[0 1 033 ^BB«±, _B£ L*:*0#:E<O&K«8t£# 



o«s^vptat t m<7)^$&£^mofvpN£s;^ 

[0104] JHT. HBS-ffl^T^^tc^&S^SE 

^@^#«ii&*iftfl£i&Bfrf 01 y-b 
vpfWbt mMtxisvis^-n- k«i&oh8 t^-t 
mx-hh. mi nztswz* tmii^m§znm<oy-h 
( n§2) . mmmm n soy- b (n s d . mmms.v 
m.cr>y- b (p«2) . mamrn P soy- h (pgi) ts> 

[0105] ttz. UTizmi&mzmw-t&tiMzm^ 

my- h $r*-r h 5 v s^x * * . la^-ceg^ 

[0106]il8li. *^<5D^6^S60lJ$r^-r-l. 
fztheomX'bh . IsiE^isv^T, f^lh^yyx? 
Ml. M2, M3ii^:TnM^-^^T-S>0. 
^./P K-T«0^*iM8i«8E L < , n mmWL<ri P fx 

«LWitS=W/L{i^T^LV>. -r^i)^, Sml=Sm 
2=Sm3T-S>5. /S/i'L. Smiti, tf«h5>->'X 

S (JaTH«) . 

[0 107]l«h7yi/'X?Mlll ©ffignS 

(r>y- hn^-ru -vi/s ymx-y- htv—x &&& t 

X^M4 t^fiiR 1 frt**&V—Xy tnTlHlit i 0 

y-hSM^^^fts. mmm^vyy~jxfu3 

[0 1 08] ^7l»b7yyX^Ml tM3ii. 

n— tztb . h 5 > ^ M 3 to 

y-h-V-xramE, -r^^V2(iVPNt^S. 4 

^7tfMh7^^M 1 kM2li. V-X7 

tt^m h y >i?X9M 2 coy- b - V -xSmJE 
JiVPTATfc^rS. 

[0109]t^t, t«b7yy'X^M2<7)y- 
h«(2V3(±, 

V 3 =VPN+VPTAT ( = Vref : ) 
[ 0 1 1 0 ] mi 9tt*«BB«0»7«fce!«r8iW-*fe 
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1. M2, Ma^tplft*/^ 1 ), 

L*)JtS=W/Ui£T*fU\, -tSrfcfc, Sml=Sm2 

[Oil l]i^Mh7y^^Mlli, iaffignS 
iO^r*- h^iyAy^ v b^T^- b t b' W 

4tffifJiRl (0^t»tR2#&<M&$ft£*^) 

v-xy * armmzx y- hmm^t hti 
h. «^*h7>^^M3»i. pwcoy-v^y 

is vis ? vWX"r- b t V-X&&M LZZSdiMt & 

[0 112] '<Tnft%)&h : 7>i'X?Ml tM3ll 

y-1 — V-xfflm&. -?tch*> (vcc-vi ) (±vp 
NhSrS. ifc. ^7f«!l«h7>'yX^Mli:M2 

-xmME, Ttci>*> (V1-V3) {±VPTAT 

[0113] ^t. ^agmffvcctm^mb^ 

zsXj?M2coy— MifiV 3^011 (VCC-V3) Ji. 
VCC-V3=VPN+VPTAT (=Vrefl :ffiH®£El ) 

[0114] mw.<oi$jgmtii. Sftgniwy- b . 

«»KnStf>y-K pSO^-b^fifciBjiftgSr^*. 

TEli&fcH 1 9 ^-rftBlciStjtR 2 Srif ATS t , 
V4 = (VPN+VPTAT)*R2/R1 ( = Vref2 :lftE2) 

[ 0 1 1 5 ] H2 0U##6WOJR8ltitW£l»»*-*fc 
1. M2. M3, M4* 5 i-CnIfT*/K'l> l 3. mWL 

*;hRLOitS=W/U±, Sml=Sm2. Sm3=Sni4T 
[0 1 16]S#Mh7^'^Mlll Ki&gnS 

coy- YtDfrv y 3 vmx-y- b t v-xztgmt 

X^M5hSfilRl. R2*^^SV-X7=J-DTH]IS 
t,z£ 0 bttft**-^ £>*i& . b 5 

M3itm^nm<?>y-h<on%%>%:h7>isx7 , is 

b 5 y ^ * M 4 i±<£ «K n Mtoy- b 



[0 1 17] ^rtSMh^^y^^Ml i:M2Ji. 

y-h-v-^s«EV2(ivpNt^s. ^rm 

^!lfb7y^^M3i:M4lt WSgScOA^h 
7>> ? -^.^'Tib') plf-V^MOS h7>>''X?M6 

h. iot. ClC0^»iii|iS{±VPTAT^A^^7-b-xh 

7*n7@SI:J: DVPN*R2/(Rl+R2)* 5 EPflD§fU VPTAT 

h^yyX^MS, 8iStR3, R4*^^t€.7^-H>'n- 
•y ?/b-:n;:«fc 0 hy>iSx*M4 coy- btt 
fiV4<± 

VPN*R2/(R1+R2)+VPTAT 

[0 1 18]foT, l*Mh7yy*X^M8(7)b'l/ 
V 5 = (VPN*R2/(R1+R2)+VPTAT)*(R3+R4)/R4 ( = Vref : 

[0119] 0fM<O2a«#tt{±, ^ilgnl»y-h, 

mmgnwcoy- b . P i«y- h<vwft«e*fett 
ffiiSRi, R2*%zz.hzti,z£>o &mz.WL , g*imx'h 

%MR3, R4fc:J:9R5t«ff*aHBttt-e 

b^V^^MSCJ: 9«^J»fig7J 

[ 0 1 2 0 ] 02 1 ii*«WOj|I^Qft«*KW6fc 

1 , M2liplf+ 0 . ■* H -T 

^L<L"CJ>I). S^Sh7Vy*X^M3, M4{in 

* h 5 >-^x^£oa««{a{iy-^<5t US: 0 GN D 
L(i % Sml=Sn2, Sn3=Sm4T'ft.|» . 

[0121] m^^hyy : Jx^M2ii. mmmpm 
<r>y- vcn^rv visa ymx-y- h t v-xzm&L 

nWcoy-hZft-h. Plf+ ^JWMXMOk N7>y 
Xr7M5tSiiiRl , R2*>f>^I.V-X7 *oT[Hl!S 

m 3 i±iss?jg ni^'-h b v > : jx ? . m 
Y-yyisxtMA immm n mco y- h cr>nm> 

%VyyisX9X'hh. 

[0 122] ^TtlfM^yxX^Ml tM2ll 
W-^WndFmfr-h b 5 M 1 <7) 

y-h-v-xmw±t,iwNt%2>. ttz. ^rm#2& 
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^ti) l )pSft*;l'MOSh7>'^?M6tM 
oT. CKOHilliifisSJiVPTATOA^^-fe-y fSrft 
riUSItCkO. V3=VPN*R2/(Rl+R2)* I WJ0$iX. VPTA 
Sh7yy'X^M8, StniR3. RAfrt>%&7 < -Y 

V 4 = VPN*R2/ (Rl-*2) +VPTAT ( = Vref 1 : &%mE. 1 ) 
[0 1 23] «^*h7V^^M8<OH^ 

V 5 = (VPN*R2/(R1+R2)+VPTAT)*(R3+R4)/R4 ( = Vref 
2 :«*£€E2) 

[0124] SrS^MfttJi, ©JSgnScoy- h . 
ffiifUgnMcoy-K pMoy-bO^BwgJgifcti 
ffigiRl. R2£^;t5.rfcl;:J:9£SKI£Src£-?>. 
$^>(C ffiiaR3. R4£J:9t&£mE£&tjtH:Ti£Sg 

^M8fc:J;'9*SSEre»ig^t>^<-C#2.. .TcOJ; a 

j&^^T h 5 ^^'X^T'fc A -y ?A>f TXWfEJf L 
<-f*U£VPN, VPTATtomff®^ffi^i>. 
[ 0 1 2 5 ] H2 2&*miCDm 1 O§gffi0l£tBHJ-f 5 

Ml, M2. M3, M4^tnSf+*M\ 

/H|LCDjtS=W/Ui. Sml=Sm2, Sm3=Sm4T£> 
coy- h-CD-f TV -y ^ a :xMT'y- h t V-AZmWiL 

x^M5tstaR2 (mcmtfLRi^<mm^ntzm 

-hcOTTl^-y^ayM, 1;^*h7V> ; X^M4<± 
mm& nMcoy- h- O-fTV y 3 J- i: V- 

[0127] -^TISI^JR r- yyi/XPM ltM2IJ, 
ti-VPTATfc&l,. 

[0128] fto-c, mif^mh^y^^Mscoy- 



*m&v3Ji. 

V3=VPN- (-VPTAT) =VPN+VPTAT ( = Vref 1 : 

mffi) 

[0 129] $£>K. 02 2K^-r«fcdK7-X7*o 
TSSStcSCiR 1 £J$A-f £ i: . 

V3=VPN*R2/(R1+R2)+VPTAT ( = Vref2 : m$^K2) 
X'%&. 

[ o 1 3 o ] 02 3\Hfwn<nm 1 1 mmmzmw-th 

Ml. M2. M3, M4^TpIf^^K\ £K«E> 

;kftL<9JtS=W/U±. Sml=Sm2. Sm3= Sm4T'£> 

[0131] tMl*h7y^^Mlll i^itSnS 
cDT-'-r-fc*^ PM^^/Wc0«^*h7>^^ 
M5tJgifiRl (0cOffigiR2^<S*S$a7t^) 

<7>-fri^ >m.xy- btv-x ztm Lxsmzi 
mt%&. m%®$kb7>i;*?M3immj£Tiw<Dy 

4 {±ftiHS n SWT"'- h com^^* b7>^^ T'fc 
[0 13 2] ^TlSMh^yi/'Xj'Ml i:M2<i. 

y-h-v-^smffti-vpNi;^^. lit, ^rm# 

{± ( -VPTAT+v asH 3 ) 

[0 1 33] ftoT. «^*h7^v : X^M4fOV- 
XffiV3li, 

V 3 =VPN+VPTAT ( = Vref 1 : 1 ) 

[0 134] $^cc. H2 3tc^-ri5^v-X7*o 
TElBtCfifitR 2 fc» A-TI. . 
V3=VPN*R2/(R1+R2)+VPTAT (=Vref2 :S^fl:EE2) 

[0135] m2A\$.*%?mW. 1 2Hfi£0!l WJJ-f !> 
Ml, M2{inMf-V^-/UcO«#^h7>-^X^T'S> 
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vx ? X'& o , m®*?** Y-70s*mtm&\im 

=W/U±. Sml=Sm2. Sm3= SMX'hh. 
[0 1 36] 7 ^'X? Ml J±, iSfflgnS 

<z>y— wttu vis m ymx~y- h t v-xzmwtL 

[0 137] ^TMffitoMkbyyiSXfMl tM2li, 
m—con^^tl h fcft s f»h5yy'X^M20 

ft. «^^h7^^x^M4coy-h-y-xra«jE 

ti-VPTATfc&S. 

[0 1 3 8] «->T, mm%vy>i;x9M4<r>v- 

xmm.v3u. 

V3=VPN+VPTAT (=Vrefl :S*«El) 

[0139] Hfra^iajg«tt(±. asMEpgoy- k 

T0»(cSBtR 1 *#Af& i: , 

V 2 = VPN*R2/ (Rl +R2) +VPTAT ( = Vref 2 : gJjl^ff 2 ) 

[ o 1 4 o 1 122 5<i^i 3mmmzmw-fhtztb<7)M 
2\tpm^*)i><r>mm}&v : yvi;x?x'h Y ) . »g 

h 5 * M 3 fc M 4 li nlf * *Jl>0>*4l 

m##>j& h7^'x? <r>mmm& y-xts t ^ u < 

t±. Sml=Sm2, Sm3=Sm4"CS>6. 
[0141] m^^h^^S/'X^Mlii. SjftKnM 
wy-hSr^p*>, pW^^JWmR&gkYyyitX? 
M5i:fiStRl. R 2 y-X7*nT[U£&£J: 



i±-mmj£pW(oy- y wfri/ y 3 >-st'^'- h t y 

M3liSiSjgnM<oy-h<7)-f:rw--y>'3 yg. 
%Yv-yi>X9ViA <i<gjfeg n M«^7-*- h Of/ U -y ^ 
a yMT-7-*- h i: y-X £t£Sa L-a£SSS^ &£> . 
[0 14 2] ^TflSMh^y^^Ml i:M2<±. 
H-^«a«Wl.&*:ft. S^S6*h7>-^^Mlc7) 

7-*-h-y-xramff« (vcc-vpn) t^s. £ 

fc. ^7t#Mh7>'i'*X^M3tM4li. |5|-<om 

y-xS«ffli-VPTATt ^rS . 
[0 14 3] t£-5T. l^lh^yi/'X^MSW- 
^«{4V3{i. 

V 3 =VPN*R2/R1+VPTAT ( = Vref : S^«£E) 

JgnSL pSoy-h^7-'-h<0^%jgjS^7t:<±fi6i 

m2 6imi 4nmMzmw-t&tz#>v>mx'$>% . mm 

l,Zt3^X. tWh7^'^Ml, M2, M3, M 

4 . M 5 , M 6 A*£T nS^-v*/PT"& 0 . S^^-r 

¥-y<^mmmmnm l < . niis^ P ^ x ,u 

LOJtS=W/Ui. Snl=Siii2, Sm3=Sm4, Sm5= 

5 m6T'J> & . 

[0 144] IMl*f7yyX^MllS, SiSnl 

«y-Kof/u -y>-3 >Mxy— h t v-xz ttmt 
x%MBmt%&. n^mhyy'jx^M2ii^m& 

itmLxi^h. n.R%%k\~y>i;x'5>M3tM5\m 
m&nmny- b <r>^yu visa >m. b 5 > 

iSX?M4 t M6Ji(gigj£nffi<07-'- hc^fyu y 3 

>-st*t-'- h t y ~x ztm lx mmszm ttth. 

[0 14 5] ^T-mft%)$kb7>i;x?Ml kM2li < 

y-h-v-xmm&iiWNt*&. ttz. ^rmzm 
*h7>>-*x^M3tM4ji. R-omsi^saxsJt 
ft. m^sh^y^'x^Mscoy-b-y-x^mE 

(±-VPTATi:^^. ^7lMl*h7yyX^M 
5kM6fc. ^-0«8S*^a/sft, mn^b^y 

^ M 5 wy- h - y -x^fEti - VPTAT t =3r i> . 
[0146] ^t. m%$tMkby>-;x?M50>V- 
xn<±LV4li. 

V4 =VPN+VPTAT+VPTAT ( = Vref : ^ggff) 
[0147] 0rMOSS#tt{±. HfiaSnSoy- h , 

fm&nmny-h. pm.ny-v^wfaw&i^z. 
hzt. £tcitiE<?>m&mzft^>&E.m.x'S>Z'<Tb 

y>i>X9 (M3/M4, M5/M6, • • • ) OgStSr 
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[0 148] H2 7i±5Sl 5^6fefi?«S:^^rS^coa 

2. M3. M4, M5, M6. M7^TnMf-^r^ 

nS£«<0p»7x/H*H;:^j££*U M«h7>y 
X^^m^iy-X^ttk^lX LT£>-1>. 
;HSSWi:^*;P*L«OltS=W/L{i. Sml=Sm2= 
Sm3, Sm4=Sm5-C'?)S. 

[0 1 4 9] m&ty&YyyitXfyiUi. SSUSnS 
ooy- hCDrri^ ■/ x a >-ST'^*- h k y-x£Mf£L 

«mSpS<0^'- hwtynyx^ > hST'^- h k K 

6 {±i«ieSnMcO^- YCOTZTV is a VlL Sf^S 
h 5 y ^ ^ M 5 h M 7 JiffiigJS n M<7)y— h Tl^ 

[0 1 50]'<TtMlSb5>'j''X?MUM2fcJ: 

tp^T«##>s h v yvx? mum3(i m—con^i 

h-y-xra^ffiliVPNk&S. ^.Ttt^S&Sh^^^ 

h 5 y =jx ? m 4 <7)-y- h - y -xramsti- vptat t 

- y -x|g«ffii: - vptat k & & . 

V4 =VPN+VPN+VPTAT+VPTAT ( = Vref : 
k££. 

[0152] mmnw&mni, nwk&nmmy- b , 

7>-x^.^ (M1/M2, M1/M3, • • • ) <7>ggc 
4 i k . * fct&EcO&J^$t£f^^aiiT-£>& 
^7h5^'X? (M4/M5, M6/M7, • • ■ ) O 

[ 0 1 5 3 ] 02 8l4*WflO* 1 6HMW^BiBJ-ri» 

Ml. M2, M3, M4, M5, MG^TxyA^ 

fcommim l < . n p >7 x mcjba $ *i . 
h?yyx^ y -**<a t * u 

<LT*>6. ^*/MSWk^^HlL<Dj£S=W/ 
LJi, Sml=Sm2, Sm3=Sm4, Sm5=Sm6'C. f--V* 

[0 1 54] m^lRh^^v-'^^MKi. ffijgJKnS 
h- w ^ yx^ v Y MTV- bkV—X& 



S. «#^H7>-^X^M3i:M5{iSiiJKna^ 
k M 6<iffiiS«n^y- K0xyAyx> >- M!"Cy 

- h t y-x*r^sLTSs:et> L<MW&Bmmit 

[0 1 55] ^7«*Mh7yy'X?Ml kM2ti. 

y-h-y-xfgmffij±vpNfc&6. 4^, ^rm^6 
«l?-^*h7>xx^M3coy-h-y-xHttflE 

»±-VPTATk&&. 4fc. ^7tfMh7y^^M 
5 k M 6 £> , Pl-oSSSaWiS h?y 
xX 9 M 5 C07-*- h - y -Xlimffii - VPTAT fc & h . 

[oi56]f^r. t^Mb^yyx^Msw- 
xmfitv4{± 

V4 =VPN+VPTAT+VPTAT ( = Vref : £J(S®E) 
[0 1 57] ft*W=5rSffie?!l$:S.(f-5i:, KWytS 

i nASrcs-rT-'-h-y-xramjE^xi^-y^i*-^ 

1, M3, M5c7)XP-y^ J .^-;PHmE{i0.2V, 
ffiiS« n m.CT>W?m$k h V V i?X ? M 4 k M 6 CO^. 1^ >y 
y i *-;l'b'SE»J0.3V 1 KW" f ^ttSiESr lfff^i. 

Jl00mV>:tl.t. y-r-ky-X^S^Lf^W 
W&VJVzSXSMKFiyV-i >mMtl 0 nA. 7"'- 
h k y-X SrfeU Ufc«JS^I* h7yy'X^M4tM6 
^ H l^^f VVSSU 1 n A k 3Sr4 . 
[ 0 1 5 8 ] ZCOX o fcf-v*/Uh*-7^r'L<ora-atR 

ms^rii-^imh ?> : Jx? *m^h z. k c j: o . 

[0 159] 

^ Srfflv^«E^lHSS^IIS-r S C k 3&*?TI6k*4 . 
$£lef¥L<te, »««l—5fc:ia«<05H8-cas 80 

- k a*HrffefrttE»£EU&££gi-c , £ , if 9 tiea 
<0JMB"CI4, ^fttc-e^offifiiffl^i^-rscikfc.tO 

Ei8SrfiijS-r5c:k^r#s. 
[ o 1 6 o ] x, *m&tyt,z£tiix, ai^w^ rx 
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[an m^mwmjmi^mx'ibh (*coi > . 
[03 ] mtv>®fomi&mz*-tmvhz> (-e»3 ) . 

[04] MOSh7>iSX?cr>CD;<>\<mTfo&. 
[05] ^Th^Vy^^'Jj/'J^yy-ho'jy 

[07 1 ^mcom2mm<rmm^,mm:m-tm-c 

[08] *minm3mmm<m*®ftffis.£iik~tmT' 
. 

[09] *^BflcO^ 3 ISfcfflcOfg 1 ^McO^BSfrfg 
«Sr^-r0T'S>«. . 

[01 o] *mi<7)m3mMfflcr>wi2$mM<?>m*®8& 

[011] *mi<owi3m.mM<nm3$3&Mc7)m*f2]8& 

[01 2 ] *%m<vm4mm<vm^mm&**^m 
( a > mf*<nmmnm;Wkw&*vc?m < b > r 

[01 3] *^<7?m4H^t59^lS3e^!I<OS*IlIB 

«^sr^-T0 ( a ) mf*<r>mi:h : $mm<r>m*®w& 

JfcSr^tH ( B ) T*£>£. 

[01 4] *^^4jlMCT<7)m2^^JOS*I5JK 
*§j££Scf0 (A) Stf-?-<7)H^|,^fiJc7)S*l5iS§ffi 
j££*-T0 (B) 

[01 5 3 *S^0ffi4?tttOTa*3&^O£*|B|» 

«j££^-f0T*;fcl>. 

[01 6] *^^5HM«<?>«2(s:|lJ8&«^^^-r0 



[017] y-V^WtotW8£t*\s -vi<- j.*-)\>V 
[018] *%Wcom6mmmcr>g$;®ftffif&£9rs-tm 

[019] *%,BMcom7mfoM<7)m*®&ffif&£*-tm 
x-hh. 

[020] *^Hfl<7)m8llfS09cOS*[HlSffi^$rS-r0 

[02 1 ] *mi<vm9mm$<7)m*®& t ffifott-$m 
x-hh. 

[02 2] #fSHj<7)SjS i 0#|^co£#ll]g&*ij££^i- 
0T-&&. 

[02 3] *&BM<om 1 1 »S60!l<O»s:Il|SS«^S-^-r 

mx-fok. 

[02 4] *«w<o* 1 2 mmftnmttmm&t^t 
mx'hh. 

[02 5] *^bj<t)^i 3g|^c0g*|I|&*f|j££Scr 

mx-hh. 

[02 6] *fga|JcoJjl 1 4^6«a|<7)a*Illg§«^^^ 
0-C&&. 

[027] *^BJ^1 59dt0l<^)X*lsl»«j£»^- 
0T'S>i». 

[02 8] 69mmcom:®8&ffif&£7jk1- 

mxhh. 

[02 9] yyyy y/*>H^?-u- h-rs^ 
[03 o ] muh v s >^ao«««*st^H-c* 

[fir^DSHB] 

M 1 : i&m&'Ml ) CO nM*TU y'Jn V<F>7- h £f^o 

M 2 : «StK{Ng2) CO nl-ftl y'Jn ycO^— h £J£-? 

M3-M7, Tl, T2, Ta, Tb : MOSh^y^' 
X? 

Ft, R1-R4 rffiJi 
Al rUftTv-r 



[017] 





Nil 


NL 


;»L 


PH 




-0.i»V 


-0.4V 


0.5V 


0.6V 




-0.6V 


-0.5V 


0.4V 


0.5V 



(32 1 ) )0 1-284464 (P200 1-284464A) 



[01] 
eaw>BB««t*Ta (ton 



[02] 



[06] 



3 



|6« 



+Vdd 



vcc 



JV1 JV2 



Tb , 



11+12 




vpmr 



GND 



[04] 



SILICON GATE SILICON SUBSTRATE 




Rt< 



VQ1 



GND 









: N-TYPC SIUCON 

'■'.■■>:■ 


m 


P-TYPTI SILICON 



El 



-VCC 



8lQ8V 



-EC 

- :3 

- Ef 
-Ev 



s 



[07] 



^vcc 



[08] 



[09] 



<~J C-VPlAT 




M1 



GND 
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